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BK-lli2‘)  Erecting  Tower  Crane  with  a  Seventy-rive  Ton  Lifting  Power 


9y 

Engineers  I.  B.  Gitman  and  L.  N.  Sheblpakis 
(Planning  Institute  of  the  Design  and  Planning  Office  of  the  Main  Adisinistration 

for  the  Building  and  Installation  of  Fabricated  Steal  Structures) 

The  development  and  perfection  of  production  teehnologjr  of  constructlon-assam- 
bly  operations  requires  the  equipment  of  construction-assenbly  organizations  with 
more  powerful  and  ijiq>roved  mechanisms. 

Before  1943  USSR  (and  abroad  until  recently)  guy-derrick  and  rigid-base 

cranes,  widely  used  in  the  asseihbly  of  blest  fUmaces,  tbermal  and  hydroelectric 
plants  and  other  fabrications,  were  the  basic  assembly  mechanisms  with  a  lifting 
power  higher  than  3  to  10  tons.  Such  cranes  are  distinguished  by  small  maneuvera¬ 
bility,  and  their  application  is  connected  with  the  necessity  of  installing  guys 
and  anchors.  In  the  last  decade  guy  cranes  in  the  USSR  were  almost  cos^letely  sup¬ 
planted  by  tower  cranes  with  a  23  to  4^  ton  lifting  power. 

In  I932--I937  new,  in^roved.  models  of  heavy  tower  cranes  were  built  of  the 
type  BK-131.  BK-300,  BK-404,  BK-403.  BK-406  and  BK-40dt.  BK-3OO,  BK-406  and  6K-40d( 
cranes  equipped  with  tubular  trihedral  booms  30— 40  meters  long*  which  enlarged  tbs 
area  of  the  zone  of  attention  from  one  crane  stand  30^<  >0^  enlarged  the  lifting 
power  on  the  maximum  boom  20X  (upon  lowering  the  maximum  lifting  power  from  40  to 
23  tons  eoi  maintaining  the  ealculatea  load  moaeat).  Sueh  a  ohange  is  justified 
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by  the  neeetaity  ot  trauportlae  the  base  ataud  of  a  erana  during  aaaaohly  of  blast 
'fuzowee  constructions  beyond  the  Halts  of  the  base  Inatallstlons  (to  25  aetsrs  froa 
the  center  of  the  furnace) •  which  insures  alaultaneous  secoopllshaent  of  all  building 
and  assembly  operations  on  the  central  unit  of  ths  furn«ca> 

The  Tolxuae  of  blast  furnaces  under  construction  recently  rose  froa  1«033  to 
li719  ia3;  at  the  present  time  the  planning  is  being  texminated  on  e  blast  fumsoe 
with  a  2.000  a^  Tolume  and  a  project  is  being  prepared  for  a  furnace  2.700  The 
power  of  electrical  beating  plants  is  also  increasing  significantly.  In  the  coa> 
struction  of  these  objects  assembly  reinforced  concrete  is  being  more  widely  applied 
and  all  assembly  elements  are  being  enlarged  2  to  2.5  times.  The  weight  of  asseiably 
parts  and  the  necessity  of  further  shortening  the  the  periods  of  construction  requiM^ 
an  increase  in  the  lifting  power  of  erection  mechanisms,  a  broadening  of  the  radius 
of  their  action,  and  also  a  high  mobility  and  speed  of  transportation. 

In  connection  with  these  things*  in  1957  the  derelopment  of  a  planning  task  of 
a  powerful  erecting  turret  crane  satisfying  ths  requirements  mentioned  above  was 
started. 

In  familiarization  with  the  plans  of  the  new  powerful  blast  furnaces  it  was 
established  that  the  maximum  lifting  power  of  such  a  crane  should  be  50*’-6o  tons 
with  a  load  moment  of  1100  tm.  i.e..  almoet  2  times  greater  than  the  BK-405  and 
BK-40^  turret  cranes. 

It  was  acknowledged  necessazy  to  establish  the  lifting  power  of  ths  new  crane 
as  73  tons  for  the  possibility  of  erecting  enlarged  units  of  technological  and  con¬ 
struction  designs  of  powerful  thenbo-electrie  power  plants. 

In  the  development  of  the  task  tbs  lifting  power  of  the  crane  was  set  at  75 
tons  for  the  boom  of  19  metera  and  25  tons  for  a  43  meter  boom.  The  load  sMaent 
was  determined  as  1425  tm. 

Planning  of  the  cran  was  tezuinsted  in  195^.  The  first  saiiq|>le  of  the  new  erana 
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bx«ad  BK-lii23>  manufeetured  by  tha  naaeoBlciy  aad  Onkly  plants  of  tha  Klnlatxy  of 
ConatruetiOB  of  the  ISFSR,  %ias  aueeeaafully  tested  in  Kerch  1939  and  effeetirely 


used  In  the  building  of  the  blest  furnace  of  the  Nlshae*9estl'akly  Metallureieel 
Couftaxiy. 


The  BK>1423  cran  (fig.  1)  has  the  following  technical  characteristics t 

Lifting  speeds  of  the  base  hook  (average)  in  n/mini  , 

pully  block  consisting  of  10  ezms  at  E^ximum  load  73  ^ . I  0*8 

IX  3.6 
III  6.4 

pully  block  consisting  of  four  arme  at  maxinum  load  30  ^  ..  I  2.0 

II  9*0 
III  16.0 


Lifting  speeds  of  auxiliary  hook  (average)  at  fixed  load 
3  t  in  iq/ialn..... . . . . 

Turning  speed  in  turns  per  ainuta  . 

Speed  of  crane  aoveoent  in  m/mln  . . . 

Lifting  vinch  of  baas  hook* 

tractive  force  in  kg  . . . . 

power  of  electric  engines  in  kw  . . 

Lifting  winch  of  eiane  aro: 

tractive  force  in  kg  . . . . . 

power  of  electric  engines  in  kw  . 

Turning  winch  ( 

tractive  force  in  kg . . . . . . 

power  of  electric  engine  in  kw . . . . 

Lifting  winch  of  auxiliary  hooks 

tractive  force  in  kg  . . . . 

power  of  electric  engines  in  kw . . 

Power  of  electric  engines  of  transportation  mechanism  in  kw 

Total  specified  power  of  electric  engines  in  kw. . . 

Ovwrall  wsicd^t  of  crane  in  tons . . . . 


.  X  9*0 
II  32.0 

in  35.0 
0.19 
12.2 


2  X  9000 

.2  Z  43 


9000 

45 


18000 

7.5 


3000 

16/22 

4X5 

200 

393 
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Zaeludiact 


Mtel  eonatruetioa . 218 

Mohanieal  aleotrieal  aqulpmaat  . . 121 

eouatarvalght . 54 

Maxla\BB  load  oa  one  trolley  ia  tooat 

ia  operation  of  the  crane  . . . . .  268 

la  tranaportatlon  with  a  load  of  30  tone  . . . .  208 


Aoeording  to  the  alae  of  the  marlnam  load  oonant  the  BK-14$  eraaa  baa  •  power 
2.3  greater  then  the  baerleat  of  the  exiating  typea  of  ersaea. 


The  BK-1423  orana  may  hare  two  axaeutionat  la  the  firat  azeeutioa*  indieatad 
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in  fig.  If  the  mala  book  hat  a  maximum  boom  of  45  Betcrs,  and  the  auzlllaiy  hook» 

30  metera  t  la  the  aeeoad  execution  the  mein  hook  only  haa  a  maximum  boom  of  $0 
meters* 

The  ereae  arm  has  a  trihedral  cross  aaetioa  and  parts  made  from  pipea*  A  deck 
ia  constructed  Inalde  the  am  for  passage  to  tbs  platfom  at  the  head- of  the  arm* 
which  is  necessary  for  operations  in  modifying  the  number  of  woiklng  cables  of.  the 
pulley  block. 

The  design  of  the  tower  of  the  crane  differs  esaentlelly  from  standard  deter¬ 
minations.  Usually  In  tower  cranes  the  arm  and  counterweight  are  fastened  to  a 
rotary  head  which  la  fixed  on  top  of  the  Immobile  tower*  Vlth  this*  the  tower  has 
a  square  cross  section  with  dimensions  specified  in  a  railroad  clearance  which 
dividos  it  into  space  sections* 

.To  adopt  such  a  croas  section  of  the  tower  in  the  BK-1423  crane  proved  to  be 
impossible  because  of  the  large  buckling  acting  on  tbu  tower*  Therefore*. a  rotary 
tower  is  applied  here,  to  which  the  am  and  counterweight  are  directly  attached, 
in  connection  with  the  fact  that  the  dimensions  of  the  cross  section  of  the  towar 
are  increased  only  in  one  direction,  in  the  plane  of  action  of  buckling*  Articu¬ 
lation  of  the  tower  is  retained  on  space  clearance  sections  (fig.  2){  they  are 
2(800  X  2.600  sm  and,  being  Joined  between  one  another  in  Junctions,  fom  a  tower 
2,800  X  3,^20  mn. 

The  tower  rests  on  a  gantry  by  means  of  a  pivot  and  horizontal  rollers  (fig*  3)* 
Above  the  top  of  the  gentry  the  frame  of  the  machine  section  is  fastened*  In  the 
assanhly  of  the  crane  this  frame  rests  on  top  of  the  gantry  and  is  used  for  aaeuring 
the  guides,  along  which  the  towar  slides  during  lifting.  Upon  tamination  of  as- 
aeidbly  the  frame  is  disconnected  from  the  gantry,  lifted  with  screw  Jaeka  to  200  an 
and  attached  to  the  tower* 

The  gantry  of  the  crane  is  a  three -dimenaional  design,  designed  on  a  . 3  point 
support,  Ve  sea  installations  for  elevating  the  tower  during  assembly  of  tbs  ersaa 
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in  tlM  gaatzy* 

In  deTelopoent  of  the  pl«a  of  tho  enno  poosibllllar  glvoa  to  oon* 
struct  its  supporting  constructions  according  to  a  dlagraa  ^plioAla  In  eoatao> 
porary  mobile  cranes  (BK>213«  MSXZ-3/20  and  others).  On  tha  baala  of  this  dlagraa 
the  counterweight  is  located  on  the  level  of  the  support-rotaiy  installation  and  tha 
am  la  retained  by  a  vertical  pulley  block  due  to  the  fact  that  tha  tower  alaoet 
does  not  receive  any  buckling. 

In  the  BK-1423  crane  the  counteneight  and  vertical  pulley  block  could  be  placed 
at  a  distance  not  more  than  6  a  from  the  axim  of  rotation {  the  weight  of  tha  eoun* 
terwelght  and  atreaa  In  the  pulley  block  (vertical)  muat  ba  equal  to  approzlaataly 
300  tona,  which  could  lead  to  a  aignifieant  ecn^llcatloo  In  dealgn  and  realization 
of  Ita  loading.  Tor  the  besic  lifting  a  loading  pullay  block  la  need  which  can  opa* 
rate  with  ten  and  four  fibers  with  corresponding  changea  in  lifting  power  and  apaed. 
Shifting  of  the  pulley  block  from  one  circuit  to  another  ia  dona  without  ovarpaaaing 
the  cable*  as  this  is  seen  from  fig.  4*  7ha  pulley  block  serves  as  a  multi -apaed 


*  Fig.  2.  Construction  of  Crane  Tower.  1— sections;  2- joining  an^es 

Fig.  3.  Horizontal  supporting  rollers  of  the  tower. 
l»tower;  2— supporting  rollers}  3~**upporting  ring  of  gaatiy. 


Tha  winch  has  two  electric  motors  with  a  power  of  about  kw  aadi.  Tha  shsfta 
of  the  electric  motors  are  ecanected  ^  ■aana  ad  gear  conneetloos  with  shafts  of 
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aonayn&atrieal  differential  introduced  into  the  make-up  of  the  deeeelerator*  On 
the  output  rollers  of  the  deeeelerator  two  drums  are  attached,  on  which  both  ends 
of  the  cable  of  the  lifting  pulley  block  ere  wound.  On  both  gear  connections  of 
the  second  electric  motor  the  arerage  epeed  of  winding  the  cables  on  the  drum  and 
the  braking  is  equal  to  3^  m/mln.  In  this  ease.  In  turning  on  the  second  electrie 
motor  to  this  speed  it  is  boosted  or  cut  down  depending  on  the  direction  of  the 
rotation  of  the  shaft  of  the  electric  motor,  to  28  m/min..  as  a  result  of  which 
the  total  speed  of  the  cables  la  equal  to  Cu  or  8  m/min.  Similar  speeds  are  also 
Obtained  in  lowering  the  load.  In  the  winch  a  constant  rigid  connection  is  main¬ 
tained  between  the  shafts  of  the  electric  motors  and  the  Brum  shafts.  The  winch 
for  lifting  an  additional  load  is  similarily  constructed. 


SEE  PAGE  7a  FOR  nCDRE  4. 


rig.  4.  Diagrams  of  basic  lifting  pulley  blocks. 

a— pulley  block  with  tan  fibers i  b— pulley  block  with  four  fibers}  e— shifting 
the  pulley  block  with  ten  fibers  to  four  fibers;  l--two-roll  block}  2— tbree-rtdl 
block}  3— immobile  block  on  end  of  arm;  4~~conneoting  axis;  5~*fi^3cation  axis. 

.  SleTstion  of  the  am  is  done  by  a  winch  with  e  lifting  power  of  9  tons,  and 
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Figure  4« 
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turaine  of  the  tower  by  •  winch  with  •  tractive  force  of  18  tone.  All  winches  and 
elevation  electrichl  epperstue  atxe  placed. in  the  machine  aectioa*  located  on  the 
frame  attached  to  the  tower  (see  fig.  1).  Here  we  find  the  aoehinist's  cabin. 
Such  a  position  aigniflcantly  improvoe  the  conditions  of  Observation  of  the  load 
and  ell  mechanisms. 

The  smement  mechanism  of  the  crane  conalsta  of  four  two-rail  drive  trollegra 
(fig.  i).  In  connection  with  a  large  load,  reaching  up  to  288  tona  on  me  trolley 
there  are  eight  wheels  in  each  of  them. 


Fig.  5«  Kinecsetie  diagram  of  a  multi -speed  winch  of  bsaie  lifting. 

1— first  eleetrio  motort  2— second  electric  aotori  3— brakes}  4*~Aiffarsotiel| 
5‘*-deoeelerator}  6-<4rua. 

Support  of  the  braces  of  the  gantry  on  the  balancing  rollers  of  the  trolleiy» 
and  the  rollers  on  the  frames,  in  which  the  wheels  are  attached,  is  dons  by  mtmtm 
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■ph*rie«I  bearines*  This  provides  the  possibility  for  the  trolleys  to  be  rerolved 
•round  a  vertical  axis,  due  to  vhleb  the  erase  can  be  converted  along  a  curved 
route  of  a  ean^sritlvaly  small  radius.  In  the  plan  ve  see  the  possibility  of  in* 
stalling  the  ^rer^  on  e  monorail  trolley,  which  can  turn  out  to  be  necessary  io 
operation  of  the  crane  on  a  aeaffold  bridge. 

On  the  BK-1423  crane  there  era  two  lifting  power  limiters,  one  of  them  connee** 
ted  with  the  blocks  of  tue  arm  pulley  block  and  it  restricts  the  lifting  power 
in  the  limits  of  a  curved  part  of  the  graph,  the  other  is  connected  with  blocks 
of  the  loading  pulley  block  and  restricts  the  maximum  lifting  power. 

In  the  machinist's  cabin  there  is  a  reeelving-tranamitting  radio  aet.  Tbs 
chief  of  the  assembly  crew  working  with  the  crane  baa  auch  a  portable  aet. 

Assembly  of  the  BK-I425  crane  is  dons  by  the  method  of  raising,  the  most  sf> 
fective  for  cranes  of  this  type. 

According  to  technical  indices  the  BK-1423  crane  bos  an  advantage  before  other 
types  of  heavy  tower  cranes.  Thus,  for  exan^la,  the  weight  of  the  conatruetion 
on  one  tm  payload  consiata  01  0.273  Vtm  la  the  BK-1423  crane,  and  in  the  BK-406A 
crane,  having  a  smaller  lifting  height,  this  weight  is  equal  to  O.3  t/tm  (without 
allowance  for  30~toa  ballast). 

yroa  reports  of  tbs  foreign  press  we  know  that  in  Australia  in  1937  in  the 
construction  of  e  blast  furnace  s  specielly  planned  stationary  tower  crene  was  used 
which  bed  a  maximum  lifting  power  of  60  tons  on  a  boom  up  to  18.23  m  and  I3  tons 
at  a  maximum  boom  of  33*12  m.  The  crane  bae  an  additional  lift  of  12  tons  on  the 
end  of  the  ero  with  a  maxiinm  boern  of  37  a.  The  load  moment  of  the  crane  is  1,100 
tm  (fig.  7). 

The  Australian  crane  has  a  less  perfected  design  and  worse  teebnicel  indleea 
than  the  BK-I423  crane  which  is  seen  from  the  data  in  the  table. 
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Ruaniog  trolley 


?lg.  7«  Touer  crone,  used  in  construction  of  blast  furnace  in  Kevcastlo* 


Cham  cteristic 

BK-12i2'5  Crane 

Maxlmua  lifting  power 
in  . . 

75 

6o 

Boom  in  maximum  lifting 
power  inm . 

19 

18 

Maximum  boom  in  m  ... 

50 

45 

Lifting  power  in  maxi- 
mum  boom  i.n  m  ..... 

20 

.  15 

Arm  Joint  mark  in  m  . 

55 

38 

Maximum  lifting 
height  in  m  . 

98 

65 

Total  weight  (without 
motion  meehai^.8m, 
absent  in  Austra¬ 
lian  crane)  in  m.  .. 

357 

300 
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Orm raster! Stic 

Veight  per  1  ta  Of  payload 
(without  motion  machaniam) 
in  t/tm . . 

0.231 

0.278 

The  appllcatioa  of  powerful  tower  eraues  of  large  lifting  eapaoity  raqulraa 
clear  organization  of  aaseobly  operations,  aince  only  in  this  ease  can  the  effae* 
tiTs  utilization  of  cranes  be  secured  by  high  produetiwity  and  loading*  eoirespon- 
ding  to  a  relatively  high  coat  of  machlnezy  replaeenant* 

In  the  construction  of  blast  furnaces  with  a  volume  above  1*719  b?  the  BK*14?5 
crane  (tower)  must  be  the  basic  mechanism*  assecJbling  all  attached  parts  of  the 
central  sitet  especislly  a  blast  furzMce*  air  heaters*  foundry  yards*  dust  cat¬ 
chers  and  inclined  gas  lines. 

The  weight  of  the  basic  assemnly  parts  must  be  brought  up  to  23  to  70  tons* 

For  ascembly  of  parts  of  saialler  veightt  the  construction  building  of  air  heatora* 
woiliing  areas  and  others*  additional  maohaaisma  must  be  used  (caterpillar  cranes 
SKC-3C  and  SKG-3O/IO*  and  also  the  BK-3OO  crane).  The  dlagran  of  arrangement  of  ttaa 
assembly  mechanisms  shown  in  fig.  8  provides  for  their  most  effective  utilization. 
According  to  this  diagram  tbs  BK-1423  crane  is  assenbled  in  position  1  ad  in  eon- 
pletlon  of  all  operetioas  of  the  ‘zero*  ^cle.  consequently*  all  heavy*  attached 
parts  of  the  blast  furnace*  air  beaters*  foundry  yard*  dust  catchers  and  gas  lines 
the  crane  installs  from  stands  2— 3~~4«  The  successive  operations  in  aaaembling 
parte  of  small  weight  are  acccnqilished  by  the  SKC-30  and  SKC-30AO  oatazpillsr 
cranes* 

Consolidation  of  aaseidhlsd  parts  of  tbs  blast  furnace  complex  during  brief 
periods  of  construction  oaist  be  dona  with  specially  made  meehaniama  (oatexpillar* 
railroad  or  gantry  cranes). 
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Fig.  8.  Arraageoent  of  basic  ueeheniams  ia  construction  of  a  blast  fumaoa  with 
a  ToluDS  of  2 (200 

a— blast  furnace}  b--air  beaters;  c— dust  catchers;  d— casting  yard;  a— uiadiiiM 
shop;  It  2,  3«  h'-Btands  of  BK-1425  crane  (tower) >  3*  8— SKG*30/10  and  SISD-30 
caterpillar  cranes. 

In  constructiTe  decisions,  adopted  in  typical  plena  of  blast  furnaces  with  a 
TOlums  of  lt386,  1,313  and  1,719  the  assembly  parts  are  Insufficiently  consoli¬ 
dated.  So,  for  example,  for  a  blast  furnace  with  a  volun^e  of  1,719  01^  only  7X 
of  the  total  number  of  liftings  pertain  to  parts  weighing  from  I3  to  30  tons;  the 
weight  of  such  parts  consists  of  about  3^  of  the  total  number  of  all  parts* 

A  large  quantity  of  small  parts  of  constructions  assembled  after  installation 
of  the  consolidated  connections  lengthen  the  periods  of  assembly,  do  not  offer  the 
possibility  <f  seriously  reaching  labor  productivity  and  effectively  usii«  exanss 
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of  large  lifting  power. 

At  the  preaent  time  In  planning  bleat  fumaeea  having  a  voluui  of  2*000  a? 
and  ibOTc  the  planning  inatitutes  of  Gipronez  (State  Inatitute  for  the  Design  and 
Planning  of  >ietellurgiaal  nants).  Proyehtatal'konetruktsiya  (State  Institute  for 
the  Design.  Study  and  Testing  of  Fabriceted  Steel  and  Bridges)  end  Proiiiatal 'icon* 
atruktaiya  (Design  end  Planning  Office  of  the  Plain  Administration  for  the  Building 
and  Installation  of  Fabricated  Steel  Structures)  are  collectively  developing  con* 
structive  solutions,  which  should  secure  a  decrease  in  the  quantity  Of  aaseobly 
parts  and  an  Incresse  in  thr;  noster  of  blocks  which  may  be  consolidated  before 
Isstcllation.  In  this  case,  the  Bii-l/.25  crane  will  be  effectively  used  in  tbs 
installation  of  parts  of  the  housings  of  furnaces  end  air  heaters,  construction 
of  pile  drivers  and  charging  platforms,  circular  piping,  candles  and  gas  drain 
lines  with  guard  plates  and  linings  weighing  up  to  3^  to  TO  tons,  and  also  consoli* 
dated  into  panels  of  mine  shafts  with  areas  along  the  entire  perimeter.  The  res* 
lization  of  these  oeosures.  and  also  the  individual  fulfillment  of  *zero*  cycle 
building  operetlons.  pemittiog  full  utilization  for  consolidation  aaseobly  ana 
mansuvering  of  auzillaiy  icsebaniams  of  the  isanediste  blast  furnace  areas,  will 
create  better  conditions  for  fulfilling  all  building  and  assembly  operations  aeco* 
rdlng  to  a  single  giaph  and  secure  furthor  curtailment  of  construction  periods  and 
an  increase  in  labor  productivity. 

The  BK-1423  crane  should  find  broad  application  in  the  construction  of  thezmo- 
eleetrie  power  plants  and  replace  the  BK-403  cranes  with  a  lifting  power  of  40  tons 
which  are  presently  being  used.  The  BK*1423  crane  is  more  universal  and  maneuverable 
than  the  various  gantry  and  sanl-gantiy  oranea  which  rest  on  preliminarily  installad 
eonstruetimis  of  the  framework  of  a  building. 

Application  of  BK*1423  cranes  is  also  noted  in  the  construction  of  new  ^dro* 
electric  plants,  in  particular  the  Saratov  r(ydroaleatrle  Plant,  at  which  heavy* 
weight  assembly  reinforced  concrete  ccnstructiona  will  be  used  for  the  dam  and 
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aad  plant  building. 

In  many  arena  of  eonatrustion*  vbera  the  application  of  aaseably  parta  and 
blooka  of  large  weight  are  atipulated  by  teehnleal  end  eeonaotie  eenalderatlona* 
the  use  of  tower  eranee  with  a  lifting  power  of  73  will  pennlt  the  aueeeaaftil 
aolutiOD  of  probleaa  of  inoreaslng  the  Induatrlallzatlon  level  and  eurtallaent  Of 
the  perloda  of  labor  production* 
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